The aminoacyl analysis of endotoxic lipopolysaccharides (LPS) isolated from several bacteria revealed essential amounts of glycine. among the inherent LPS components. Significant amounts of the glycine was detected in lipopolysaccharides isolated from over 30 strains of Escherichia, Salmonella, Ha&a. Citeobacfer and Shigellu species. Glycine as a single amino acid was found only in a core part of LPS. Molar ratio of glycine in core ohgosaccharide fraction ranged from 0.2 to 0.6 per 3 heptoses. The oligosaccharide enriched in glycine was isolated using the HPLC. The amino acid appeared to be terminally located in a core oligosaccharide. The labelling of the lipopolysaccharide cores was achieved when the bacteria were cultivated in the presence of radioactive ['4C]glycine. The labelled core oligosaccharide released the radioactivity during treatment with mild alkali or acid (0.1 M NaOH or HCI, 100°C. 4 h). The radioactivity in SDS-polyacrylamide gel electrophoresis migrated exclusively with LPS. The results indicate that amino acid is an integral constituent of core oligosaccharide in lipopolysaccharide.
Introduction
The Gram-negative bacterial infections are still one of the major medical problems [l] . Therefore, searching ior common epitopes suitable for construction of antimicrobial vaccine with broad specificity seems to be the proper approach to solve the problem. The lipopolysaccharides (endotoxins), present in bacterial cell wall. were found occasionally to contain the glycine, among the analysed LPS components [2, 3] . Thus glycine, possibly unifying the LPS structures, might create the common epitope. The lipopolysaccharide possesses the 0-antigenic and endotoxic properties. The O-specificity is localized in polysaccharide part, built up of oligosaccharide repeating units. whereas the lipid part called lipid A, is responsible for endotoxic reactions [4] . Recently, growing attention has been paid to a third part of lipopolysaccharide, namely to the core oligosaccharide, which spans O-antigen and lipid A; however. a high proportion of cores are unsubstituted by Ochains and thus are exposed on the surface of bacterial cell [5] . The core part of LPS shows a rather 0928-8243/96,/$15.00 0 1996 Federation of European Microbiological Societies. All rights reserved ssD/0928-8234(95)00093-1 conservative structure. In addition to common components of core oligosaccharide, amino acid glycine or unidentified alkali-labile substituents have been occasionally found in LPS core preparations [6-81. The studies have been undertaken in order to show whether the glycine is real component of LPS and how far this aminoacylation is a common phenomenon. Present work provides data on the occurrence of glycine in LPS of several bacterial strains. [12] were the same as used previously. Bacteria were cultivated in nutrient broth medium with aeration at 37°C in Bio-Flo II fermentor (New Brunswick).
Materials and methods

Strains, cultivation and LPS preparations
After 24 h cells were harvested and freeze dried. The culture of bacteria with labelled [14C]glycine (30 PCi, Amersham) was performed in flasks containing 200 ml of medium. Cells of E. coli C600 strain with core type K12 were grown also in minimal medium, containing in 200 ml PBS: 0.6 g KH,PO,, 1.4 g K,HPO,, 0.2 g (NH,),SO,, 0.02 g Mgso, .4H,o, 0.5 g glucose, 4 mg leucine, 4 mg threonine, 4 mg glycine and 0.02 mg vitamin B,. Lipopolysaccharides were prepared by the phenol-water extraction [ 131 and purified by Sepharose 2B gel filtration [9, 11] .
Amino acid analysis
Samples (0.4 mgl were hydrolyzed with 4 M HCl (1 ml) at 100°C for 10 h and the acid was evaporated with the stream of nitrogen. Analyses were performed on Waters HPLC apparatus for o-phthalic aldehyde (OPA) derivatives of amino compounds with fluorimetric detection, or on amino acid analyzer with ninhydrin detection. Paper descending chromatography was carried out on Whatman 1 paper using solvent system butanol/pyridine/water (6:4:3) were run at 3300 V (50 V/cm) for 0.5 h and stained with ninhydrin.
Analytical procedures
The LPS (200 mg) was hydrolyzed with 1% acetic acid (20 ml> for 1 h at 100°C and the carbohydrate material present in supernatant was fractionated on a column (1.6 X 100 cm) of Bio-Gel P-4 using 0.05 M aqueous pyridinium acetate buffer (pH 5.6). The column eluate was monitored with a Knauer differential refractometer and for sugar content with phenol/sulfuric acid reagent. Analytical determinations of sugar components, phosphorus, amino groups, 3-deoxyoctulosonic acid as well as dephosphorylation with 40% HF (4"C, 48 h) were carried out as described earlier [9, 10, 14] . Enzymic degradation with cY-D-galactosidase of core oligosaccharide was performed as described [lo] . Treatment of core oligosaccharide
(1 mg) with galactose oxidase (0.2 mg, PL Biochemicals) was carried out in 0.01 M phosphate buffer, pH 7.0 (1 ml) containing peroxidase (1 mg, Sigma) and o-cresol (53 pg) at room temperature. The absorbance was measured at 410 nm. The core oligosaccharide, obtained from radiolabelled LPS. was treated with 0.1 M NaOH or 0.1 M HCI (500 ~11 at 100°C. Aliquots were withdrawn at 0, 15. 60 and 240 min of hydrolysis, neutralized and analysed by gel filtration on Sephadex G-10 column (I .4 X 23 cm) in water as eluent, in order to separate the core oligosaccharide from released material.
Scintillation cocktail was added to all tubes and the radioactivity was measured on liquid scintillation counter. Polyacrylamide gel electrophoresis in the presence of SDS was carried out as previously [9, 12] .
Instrumental methods
Gas-liquid
chromatography/mass spectrometry analysis was carried out with a Hewlett-Packard 5971A system using a HP-l glass capillary column (0.2 mm X 12 ml and a temperature program of 150-270°C 8"/min in electron ionization (70-eV1 mode. High-performance liquid chromatography was carried out on Waters apparatus equipped with M600E pump system and M996 photodiode array detector both controlled by Millennium 2010 soft-ware. The Protein Pak DEAE 5 PW column run in 0.005 M phosphate buffer, pH 7.4 or TSK G2500 PWXL (7.5 X 250 mm) column run in 1% CH,COOH were used. The radioactivity of samples of lipopolysaccharides and fractions labeled with ["Clglycine was measured on Wallac System 1400 liquid scintillation counter. 3' P-NMR spectra were recorded on Jeol apparatus in ambient temperature, using 'H,O as a solvent (Chemistry Dept., Wroclaw University). Chemical shifts are in ppm from external standard 85% phosphoric acid.
Results
Lipopolysaccharides
isolated from different bacterial strains were subjected to amino acid analysis and the results are presented in Table 1 . In all studied LPS preparations, especially from rough strains, glycine was present in amounts remarkably higher than other amino acids. This indicated that glycine might be independent of proteins contaminating the LPS preparations. The presence of glycine was not related to the 0-serotype of bacteria. It could be observed that strains of H. alrei had higher and those of C. freundii had lesser content of glycine than other strains. Subsequently, the lipopolysaccharides from few strains (Shigella sonnei phase I and II, Sh. jlexneri 4b and 6, Citrobacter freundii 036 and H. alvei PCM 537) were hydrolysed at mild acid conditions to obtain lipid A and the carbohydrate portion that was further separated on Bio-Gel P-4 column into poly-and oligosaccharide fractions. Results of the amino acid analysis indicated that a majority of amino acids was coprecipitated with lipid A or eluted with polysaccharide in void volume of Bio-Gel P-4 column. On the contrary, the core oligosaccharide was associated with few amino acids where glycine predominated or with glycine as the only amino acid. A. Gamian er al. / FEM.5 i~m~noiog~ and Medicul Microbiology 13 C 1996) Z-268 Further analysis of core oligosaccharide fraction, exemplified on that from Shigefla sonnei phase II LPS, gave the molar ratio 2.2:3 of free amino groups to phosphorus, respectively. The 31 P-NMR spectrum (not shown) of this core possessed signals of phosphomonoester ( -4.6 ppm) and pyrophosphodiester (+ 11 ppm) in integral ratio 1:2. These results indicated the presence of one pyrophosphoethanolamine residue, one phosphomonoester group and one additional free amino group in the core. Glycine has been isolated from the hydrolysate (4 M HCl, IO h, 100°C) of this core oligosaccharide by using high voltage electrophoresis and paper chromatography and was further characterized on amino acid analyser with o-phthalic aldehyde or ninhydrin detection. In the same way the glycine was isolated from hydrolysates of core oligosaccharides
[lo] from six lipopolysaccharides of Shigella ji'exneri. The proportion of isolated amino acid was 0.4-0.6 mol in relation to three heptose residues of the core oligosaccharide.
When the pyrophosphate linkage in the core was specifically cleaved with mild acid (0.05 M HCl, 15 min. 100°C) [ 151 and the products were separated on a column of Bio-Gel P-4, the obtained low molecular mass fraction was analysed by high-voltage electrophoresis and paper chromatography.
It contained free 2-aminoethyl phosphate and glycine, thus. glycine is not linked to 2-aminoethyl diphosphace in the core region.
The core oligosaccharide of S/z. sonnei phase II. after treatment with 40% HF (48 h. 4"C), was a better substrate for a-galactosidase (Fig. 1 A) and for galactose oxidase (Fig. IB) than the native core, suggesting that glycine might substitute the terminal galactose in original core oligosaccharide.
In order to introduce the labelled compound, E. coli C600 and 5%. sonnei phase II bacteria were grown with ['JC]glycine added to the culture medium. Isolated lipopolysaccharides were subjected to SDS-polyacrylamide gel electrophoresis (Fig. 2) . The radioactivity was found only in strips of gel where LPS was stained with silver reagent. A similar result was obtained with using the LPS from type strain of Hqfizia dIei ATCC 13337 (PCM 537) (not shown). The experiment indicated that in the pres- ence of detergent the ["Clglycine is not dissociated from lipopolysaccharide molecule. Radiolabelled lipopolysaccharides from E. coli C600 and Sh. sonnei phase II were hydrolysed with mild acetic acid and resulting carbohydrate material was fractionated on Bio-Gel P-4 column as shown on Fig. 3 . Two distinct, but not resolved, peaks of radioactivity (fraction a and b) were coeluted with major core oligosaccharide fraction. Second fraction of core (fraction cl was devoided of radioactivity, Low molecular mass material (fraction d) contained free glycine which was indicated by paper chromatography. Labelling pattern of the core fraction of E. coli C600 (Fig. 3A) was similar to that pattern of core obtained from Sh. sonnei phase II LPS (Fig. 3B) . The same results of glycine incorporation were obtained for bacteria cultivated in broth as well as in minimal medium. When the bacteria were grown in temperatures 32, 37 and 42°C similar labelling results were obtained with, however, noticeable increasing of the first radioactive peak (fraction a) at the higher temperature of cell culture (data not shown). When the core oligosaccharide fraction b was treated with 0.1 M NaOH or 0.1 M HCl at lOO"C, the radioactivity was released to a high degree, as shown on Fig. 4 . The content of glycine in the fractions, measured by using amino acid analyser, was consistent with radioactive label. The above results allowed for further fractionation of nonlabelled core material. The first eluted, major carbohydrate fraction of core was divided into two subfractions (a and b) according to respective peaks of radioactivity (Fig. 3) . Fractionation of the core material was done on a preparative scale in order to separate the glycine containing fractions from oligosaccharide lacking this compound. In Fig. 5 the HPLC profile is shown, where the core oligosaccha- ride material from LPS of 9. sonnei phase II was separated on DEAE column. Amino acid analysis allowed to find the fraction containing glycine and ethanolamine in a ratio of 1: 1. Analytical separations were also carried out on TSK G 2500 gel filtration HPLC column (not shown), corroborating results that glycine is coeluted with the core oligosaccharide material. 
Discussion
OS0
In the course of the structural studies of lipopolysaccharides, glycine has occasionally been identified in LPS or core preparations [2, 6, 7, 10, 11, 161 . Moreover, alkali and acid labile substituents on the core were detected [8, 17, 18] . The biological functions of these substitutions are unknown, thus more detailed studies have been initiated in our laboratory. Several reasons contributed to the fact that glycine was ignored as a possible component of LPS. It could be thought as a component of contaminating protein or noncovalently bound amino compound. Moreover it escaped from detection by methylation analysis. Relatively alkali and acid labile character of radiolabelled glycyl substituent has been proved in our experiments.
The higher content of glycine than other amino acids detected in LPS preparations,
shown in the present work, indicated that glycine was independent of the proteinaceous contaminants.
Trace amounts of protein are usually present in the LPS preparations depending on the strain and the method of LPS purification [ I&iY] . In the phenol/water extraction and Sepharose 2B purification this contamination ranged 0%2.3% total in the preparation. Amino acids derived from proteinaceous contaminants may be these which were detected in lipid A and polysaccharide fractions. However glycine in core fraction, as an individual amino acid, might be considered as a component of bacterial LPS. In total, high content of glycine was found in LPS of over thirty strains of several bacterial species. For thirteen strains the presence of glycine in core region has been proved, namely in Shigella flexneri 1 a, 2a, 4b, 6 and its mutants described [IO] 55 1, RV, RIX, 488, in Sh. sonnei phase I. phase II. E. coli C600 K12, H. aluei PCM 537 and C. freundii 036 (Tc' mutant). It was shown by using several methods, such as radiolabelling and subsequent SDS-PAGE analysis of LPS, gel filtration, HPLC and chemical analysis of core preparations.
Polyamines such as putrescine, spermine or spermidine, which have been identified in some LPS preparations and possibly interacted noncovalently with phosphate residues [19], were not detected in our LPS and core oligosaccharide fractions.
Results of our initial studies on the localization of glycine indicate that this amino acid is not linked to the phosphoethanolamine nor to pyrophosphoethanolamine in the core oligosaccharide. Mild acid treated core was a better substrate than the original one. for a-galactosidase and galactose oxidase, suggesting the terminal galactose to be a target residue for possible aminoacylation.
A similar result with galactose oxidase was previously attributed to the Kdo as possible substituent of galactose [18] . It has been shown already that Kdo is not the substituent of terminal galactose in core oligosaccharide [ 111. Classical methylation analysis with using methylsulfinyl base did not reveal any substitution of the carbohydrate backbone of the outer core, suggesting the alkali-labile nature of putative substituent. Other methods including periodate oxidation or mild methylation with methyl triflate did not succeed, probably due to high reactivity of substituent. Therefore, spectroscopic techniques should be employed for glycine localization.
An interesting question is whether during biosynthesis the glycine interferes with O-antigen attachment. The amino acid may protect the core against host glycosidases during infection. This possibility is strongly suggested by the fact that removing the glycine by mild acid facilitates the enzyme treatment. It is also likely that glycine functions in other processes and serves to compensate the excess of negative charge.
